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Advancing technological innovation
Strategies for small and medium enterprises in an IT economy
Koji Tanabe and Chihiro Watanabe
As industrial society gave way to an information society in the 1990s, Japan experi-
enced its "lost decade". Its electrical machinery and automobile industries, however,
remained highly competitive. Interestingly, this was due not only to its large enter-
prises but also to its small and medium enterprises (SMEs). SMEs undoubtedly have
several disadvantages in comparison to large enterprises. But the dramatic advance of
information technology helped to make the SME competitive position far stronger,
mainly because of the latter's distinct edge in organizational flexibility and efficiency.
This article argues that the excellent performances of quite a few SMEs can be attributed
to their business strategies of utilizing external technology information to the maximum.
Introduction
uring the paradigm shift in the
1990s from an industrial society
to an information society, the Jap-
anese economy experienced pro-
longed economic stagnation. Some
manufacturing industries, however, no-
tably electrical machinery and automo-
biles, continued to stay competitive. This
was true of both large enterprises and
small and medium enterprises (SMEs).
While SMEs generally suffer a dis-
advantage compared to large enter-
prises in funding, human resources
and information, the dramatic advance
of information technology (IT) has been
shifting SMEs to more advantageous
positions, thanks to their greater orga-
nizational flexibility and efficiency.1
Quite a few SMEs have been demon-
strating excellent business performance
through efficient and effective techno-
logical innovation in mega-competition.2
This excellent performance can be at-
tributed to their strategies aiming at a
maximum utilization of externally avail-
able technology information.3
 A number of studies have identi-
fied the significance of technological
innovation (T.I.) in improving SME pro-
ductivity, thereby overcoming their
comparative disadvantage vis-a-vis
large enterprises. Quite a few have also
suggested a potential comparative ad-
vantage in flexibility, reflecting institu-
tional changes and explorations of
niche markets. No study, however, has
focused on outstanding SME techno-
sales performance as a consequence
of R&D with the unique contribution of
IT in an information age.
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cro-data of 550 firms, by comparing
SMEs, LEs and SLEs.
We can make some interesting ob-
servations about the distribution of en-
terprises in growth rates by size.
l First, although the growth rate of total
sales in the electrical machinery in-
dustry from 1995 to 2000 is 15.5 per
cent, the distribution of the growth
rates is very wide, from "-70~80 per
cent" to over 300 per cent. The high-
est distribution density range is dem-
onstrated as "0~10 per cent" growth,
followed by "-10~0 per cent" growth.
l Second, there are many Japanese
enterprises that show excellent busi-
ness performance even in the bad
macro-economic situation of the late
1990s. In such circumstances, the
performance of SMEs is not substan-
tially different from that of larger
groups (LEs and SLEs). More than half
of the SMEs increased their sales from
1995 to 2000 to the same extent as
LEs. The distribution of SME sales
growth is almost the same as for LEs.
l Third, many SMEs enjoyed extraor-
dinary sales growth. There are 38
SMEs among 79 firms with over 50
per cent sales increase, and 11 SMEs
among 16 firms with over 150 per cent
sales increase. Contrary to such SME
performances, the growth rate of SLE
sales is relatively small. Only 7 SLE
firms achieved over 50 per cent sales
increases.
These analyses demonstrate that Ja-
pan's SMEs have been acting as dynam-
ically as large enterprises, and the com-
petitiveness of Japanese electrical ma-
chinery industry can be attributed to
such SME activities.
R&D
If we focus on SME R&D activities, we
note that there is a sharp contrast be-
tween outstanding SMEs and SMEs
with bad performance. As can be seen
(Table 2), outstanding SMEs with sales
growths of over 10 per cent had allocat-
ed  about 3 per cent of their sales to
R&D. On the contrary, SMEs with poor
performances, where sales decreased
by over 10 per cent, spent only around 2
per cent on R&D.
This indicates that R&D was cru-
cial for SMEs to achieve excellent per-
formance through technological innova-
tion in the late 1990s. It is worth noting
that, while the R&D intensity of SLEs is
eration in 1995 and also in 2000, and
conducted R&D activities in this period.
The 550 firms are classified into three
groups by scale in 1995:  firms with less
than 300 employees or capital less than
¥ 100 million (SMEs); firms with 300 or
more employees or capital exceeding ¥
100 or more million (large enterprises or
LEs); and  firms with ¥ 100 or more billion
sales (super large enterprises or SLEs).
As summarized in Table 1, while
SMEs numbered 268, or nearly half of
the 550 firms, the proportions of SME
sales and employees in 1995 were only
3.4 per cent and 6.6 per cent, respec-
tively. The share of SMEs in R&D ex-
penditure was extremely small, only 1.1
per cent. On the other hand, while the
number of SLEs is 49, their shares in
sales and employees were 80 per cent
and 66 per cent of the total respectively;
and in R&D expenditure  more than 90
per cent. These figures demonstrate that
SMEs are extremely small in sales, em-
ployees and R&D expenditure. What is
noteworthy, however, is that the share
of SMEs in sales and R&D expenditure
has been maintained at the same lev-
els as in 1995 and 2000. This means
that SMEs have maintained the same
growth rate in sales and in R&D as SLEs
and LEs in this period.
The utilization of IT such as the in-
ternet and the cellular phone dramati-
cally increased in Japan in the latter half
of the 1990s. SLEs made consistent
R&D investments in this period, increas-
ing by 16.1 per cent between 1995 and
2000 to maintain their competitiveness.
In the same period, SMEs sales in-
creased over 15 per cent. Furthermore,
their R&D expenditure also increased
at the growth rate of over 13 per cent,
higher than that of SLEs.
In the industrial economy of the 20th
century, with its economies of scale, large
enterprises enjoyed a competitive posi-
tion, and SMEs were considered to have
many disadvantages. In fact, their per-
formances were far below those of large
enterprises. However, in the latter half of
the 1990s, a number of SMEs became
important players in the economy.
SME performance and T.I.
Business performance
We now analyze the sales growth of
Japan's electrical machinery enterpris-
es from 1995 to 2000, utilizing the mi-
This article attempts to do just this.
First, on the basis of an empirical analy-
sis of Japan's electrical machinery firms,
it hopes to show that R&D is essential
for SMEs as well as large enterprises to
maintain excellent business perfor-
mance, and that R&D activities in out-
standing SMEs are often more efficient
than in large enterprises. The article then
identifies the sources that enable SMEs
survive and achieve this better perfor-
mance. Finally, based on real-life expe-
riences of three Japanese SMEs that
worked to develope T.I., the article sug-
gests strategies for SMEs to link up with
large enterprises, universities and gov-
ernment for technology monitoring and
capability development.
The next section reviews some dy-
namic SME performances based on T.I.
The third section highlights the compar-
ative advantage of SMEs in an IT econ-
omy. The fourth section introduces case
analyses demonstrating SME success
in improving T.I. The final section sum-
marizes new policy implications argu-
ing for systematic T.I. in SMEs in an in-
formation society.
SMEs and T.I.
Electrical machinery sector
In order to analyze the current situation
of SMEs in Japan, we will attempt an
empirical analysis of the electrical ma-
chinery industry, which holds the high-
est share of sales in the Japanese man-
ufacturing industry. In fact, this industry
has been maintaining the strongest
competitive position in the world, but
large enterprises in the industry had
been shifting their manufacturing oper-
ations overseas since the late 1980s.
Thus SMEs in Japan's electrical machin-
ery industry had been facing structural
problems and were endeavouring to
overcome such problems.
Our empirical analysis utilizes en-
terprise micro-data based on the Basic
Survey of Japanese Business Structure
and Activities4,5, conducted annually by
the Ministry of Economy, Trade and In-
dustry (METI). The survey data relate to
enterprises with 50 or more employees
and a capital of ¥ 30 or more million, in
manufacturing, commerce, restaurants
and some services industries. 550 firms
in the electrical machinery industry were
chosen on the basis of micro-data for
1995 and 2000. These firms were in op-
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Table 1: Share of small and medium enterprises in the electrical machinery industry
1995 Number of Sales Employees R&D expenditure R&D intensity
enterprises (billion yen) (thousand) (billion yen)
Total 550 (100.0%) 38,652 (100.0%) 837 (100.0%) 2,641 (100.0%) 6.8
SMEs 268 (48.7) 1,308 (3.4) 55 (6.6) 29 (1.1) 2.2
LEs 233 (42.4) 6,677 (17.3) 218 (26.0) 218 (8.3) 3.3
SLEs 49 (8.9) 30,666 (79.3) 564 (67.4) 2,394 (90.6) 7.8
2000 Number of Sales Employees R&D expenditure R&D intensity
enterprises (billion yen) (thousand) (billion yen)
Total 550 (100.0%) 44,656 (100.0%) 751 (100.0%) 2,938 (100.0%) 6.6
SMEs 268 (48.7) 1,507 (3.4) 53 (7.1) 33 (1.1) 2.2
LEs 233 (42.4) 7,535 (16.9) 202 (26.9) 275 (9.4) 3.6
SLEs 49 (8.9) 35,614 (79.8) 496 (66.0) 2,630 (89.5) 7.4Source:
Source: Basic survey of Japanese business structure and activities in 1995 and in 2000, Ministry of Economy, Trade  and
Industry (METI)
Note: R&D Intensity is a ratio of R&D expenditure to sales.
extremely high (Table 1), their business
performance (sales growth) is not so
impressive. This means that R&D pro-
ductivity in SMEs is very high and that
the R&D activities of outstanding SMEs
are very efficient and effective.
Potential SME advantages
With the dramatic advance of IT in the
1990s, the speed of changes in mar-
ket demand and technology acceler-
ated considerably. Institutional circum-
stances changed substantially thanks
to the IT revolution.6 In this business
environment, the ability to commercial-
ize a product concept promptly and ef-
ficiently became crucially important,
and as a technology strategy, using
external resources became one of the
most important strategies.
In an industrial economy, where
mass production is common and econo-
my of scale decisive, large enterprises
enjoyed superiority and competitive-
ness. But SMEs began to gain com-
petitiveness as the industrial economy
gave way to a very different environ-
ment.  We will now discuss the distinc-
tive features of the new economy.
Information integration
Large firms integrate the division of la-
bour within their organization, and have
high productivity through efficient infor-
mation gathering, creation and transfer
among them. But, with the advance of IT,
Table 2: SMEs sales growth and R&D intensity
Sales growth Number of SMEs Average of R&D intensity
2000/1995 in 1995
over 50 % 38 2.8
30 ~ 50 27 3.0
10 ~ 30 42 2.8
0 ~ 10 38 2.3
-10 ~ 0 36 2.9
-20 ~ -10 36 1.9
-30 ~ -20 27 2.2
under -30 24 2.1
Source: Basic Survey of Japanese business structure and activities in 1995 and in
2000, Ministry of Economy, Trade and Industry (METI).
the cost of information processing and
communication have become very low,
and thus efficient information activity does
not need a large organization. Thus IT
has removed a traditional impediment in-
digenous to SMEs and has enabled
SMEs to maximize their advantages of
speedy communication and quick con-
sensus among far fewer employees.
Market optimization
In the industrial society, SMEs were
bound by a keiretsu group initiated by
large manufacturing firms. Now, how-
ever, they can enjoy opportunities of
doing business with customers using
the Internet, and conducting joint ac-
tivities with external technology re-
sources in an information society. SMEs
can play independently in a market,
and many with successful T.I. can be-
come important players under optimiz-
ing markets.
Organizational inertia
Rapid technological change requires
prompt decision-making and flexible
management, and without them firms
will lose their competitiveness. Large
enterprises are usually not good at
changing the direction of their activi-
ties because of their organizational in-
ertia.7,8 This prevents them from mov-
ing toward new opportunities and new
ventures. SMEs are less impeded by
organizational inertia.
50 TECH MONITOR l Jul-Aug 2003
Special Feature : Technology Road-Mapping
50
50
GK
GK
Table 3 summarizes a key direc-
tion of the shift in innovation activities
from the 1980s to the 1990s, corre-
sponding to the paradigm shift to an
information society.
As demonstrated in the table, prod-
uct life cycles are becoming shorter, and
nimble reactions to customer require-
ments are essential to become and
stay competitive. In addition, there is a
dramatic increase in the uncertainty
about the future. Thus prompt decision-
making and flexible management are
indispensable for business success.
Even R&D activities are required to be
more efficient and effective, which
gives increasing significance to out-
sourcing and to joint activities with out-
side technology partners.
Clearly, lower organizational iner-
tia plays a decisive role in competitive-
ness and has the potential to give a
comparative advantage to SMEs.
SME strategies for T.I.
Case analyses
It is crucial for SMEs to monitor tech-
nological advances and to evaluate
technologies for possible adoption as
their core technologies in the future.
There are many types of strategies for
competitive position through technolo-
gy. We will now look at three outstand-
ing and pioneering SME challenges
from Japan.
Case 1: Choshu Sangyo (CIC)
CIC was established in 1980 as a firm
manufacturing housing equipment,
such as boilers and solar systems. CIC
endeavoured to develop new products
in this field using advanced technolo-
gy. A turning point came in 1985, when
NEC constructed an IC factory at the
adjacent town. In order to secure some
IC-relevant business from NEC, CIC
entered a business alliance with a
large IC-manufacturing equipment pro-
ducer and seconded six talented engi-
neers out of 60 employees to this al-
lied firm for training. CIC then started to
provide a maintenance service to the
NEC factory and gradually accumulated
the know-how essential for manufac-
turing IC-relevant equipment. That has
since grown into CIC's main business,
with 420 employees.
Case 2: Nakashima Propeller
Nakashima Propeller was established
in 1926 as a manufacturer of marine
propellers. In the 1970s, it had techni-
cal agreements with prominent Euro-
pean manufacturers of controllable
pitch propellers and rudders. These
technical alliances enabled it to intro-
duce the most advanced technologies
and to develop its own technological
potential. It  grew into the world's tech-
nology leader in the fine fabrication
field. With its high fabrication capabili-
ties and CAD/CAM systems, Nakashi-
ma Propeller has the leading position
in the world of propellers, with 330
employees. With its advanced technol-
ogy capacity, and in cooperation with
several medical university professors,
since the 1980s, it has developed a
competitive new  field of artificial joints
of titanium alloy for medical treatment.
Case 3: Kato Seisakusho (KSJ)
KSJ was founded as a toy-car manu-
facturer in 1946 and later took to man-
ufacturing clock parts. It specialized pri-
marily in die making, metal punching,
stamping, plastic moulding and unit as-
semblies. While its business enjoyed
success in the manufacture of oil-stove
parts and gas equipment and parts,
KSJ's  President, Mr. Kato, realized the
importance of participating in a new
business field where the demand for
parts could be sustained. Stimulated
by the government's vision for durable
consumer goods, he realized the enor-
mous market potential of home equip-
ment and cars. He decided to enter the
automotive parts business and en-
deavoured to secure as customers au-
tomotive firms with identical manufac-
turing technologies. Automobile parts
has since grown into one of KAJ's main
businesses, leading to an excellent
SME, with factories in the USA, Korea
and Singapore.
Assimilating T.I.
The foregoing case analyses suggest
the following three business strategies
that SMEs can successfully apply in an
information society:
Allying with large enterprises
SMEs can assimilate advanced tech-
nologies through technical alliances
with large firms. CIC and Nakashima
propeller pursued this strategy. How-
ever, it is generally not easy for SMEs
to secure the confidence of, and as-
pire to joint activities with, large firms.
CIC took advantage of the larger pro-
ducer's heavy cost of directly provid-
ing maintenance services from a geo-
graphical distance. In general, SMEs
should already possess a certain level
of technology to be able to secure tech-
nical alliances. Thereafter, with the tech-
nical support of, and collaborative ac-
tivities with, large firms, SMEs can de-
velop their technology capability.
Tying up with universities
Generally, SMEs do not have enough
technical staff and may not provide suf-
ficient training opportunities for their
engineers. Universities, therefore, are
very important resources for SMEs. Tech-
nical advice is available from university
faculty for new product development.
SMEs can conduct joint research with
universities as the latter need an SME's
manufacturing capability for giving phys-
ical shape to their new ideas. This is
what the Nakashima Propellers move
into artificial joints demonstrates. It is
most important to realize that universi-
ties can be the source of new technolo-
gies. New knowledge and technology
can be created from challenging new
basic research in universities. Linking
up with academic research and with
such challenging innovations can be
more easily conducted by SMEs rather
than by large firms.
Utilizing government information
Government often publishes future
scenarios of the direction of the coun-
try's technology development in order
to win public support for them. On the
basis of these visions, it initiates new
national-level R&D projects involving
prominent companies. Such scenarios
identify market trends of emerging new
products or technologies as well as the
techno-sales situation. As in the case
of KSJ, SMEs can extrapolate future
technology by making effective utiliza-
tion of government-published scenarios
and statistics. After all, government in-
formation is equally open to all, and it
is essential for SMEs to interpret these
for their own strategies for the future.
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These strategies can be effective
tools for making maximum use of exter-
nal technology resources. As a general
principle, further business development
of SMEs will depend on how effectively
they develop the technology capability
they already have. SMEs should there-
fore always maintain a strong concern
for technology development.
In an era of uncertainty, where no
one person can confidently predict the
future, SMEs need to have their own
clear vision and a strong will to pursue
and realize it. At the same time, they
must maintain their inherent compara-
tive advantage of being relatively free
from organizational inertia and of pos-
sessing flexibility to handle the new
information society.
Conclusion
As the industrial society gives way to an
information society, we find a sharper
differentiation between winners and
losers. While SMEs have certain innate
disadvantages compared to large en-
terprises, this article has attempted to
identify where outstanding SMEs have
discovered their strengths.
By focusing on SMEs in Japan's
electrical machinery industry, empirically
reviewing the dynamic performances of
some of them, studying the compara-
tive advantage that some SMEs could
have, thanks to IT, and analyzing cases
of successful SMEs firms, we could draw
certain conclusions:
l SMEs played an important role in
the Japanese economy in the latter
part of the 1990s. Some SMEs cer-
tainly became more competitive
thanks to the IT revolution. Through
the Internet, they could easily col-
lect information about markets, cus-
tomers and technology. Also, be-
cause prompt decision-making and
flexible management are essential
for competitive business in an IT
economy, SMEs have certain inher-
ent potential advantages.
l In fact, quite a few Japanese SMEs
have been performing more dynam-
ically than large enterprises. On a
macro base, SME indices of R&D
investment and sales are compara-
ble to those of large enterprises. Our
analysis, based on micro-data, dem-
onstrates that there are many SMEs
with excellent performances. The ev-
idence also shows that the compet-
itiveness of Japanese manufactur-
ing industry has been created by
collaborative activities between
large enterprises and SMEs.
l Outstanding Japanese SMEs have
utilized their technology potential to
develop new business aggressively
through T.I. This they have done by
utilizing technology information from
external sources, particularly from
large enterprises, universities and
government.
Altogether, the findings suggest a new
policy direction. Through T.I., SMEs
should get maximum mileage out of their
potential comparative advantage. In line
with these findings, Japanese policies
for SMEs changed in the late 1990s
from supporting inferior firms to stimu-
lating and challenging SMEs to get the
best of their potential comparative ad-
vantage.
The Japanese government now
strongly promotes SME R&D activities,
as in the form of research consortia con-
sisting of firms with different core tech-
nologies, and of joint R&D between
SMEs and universities.
Thus stimulated, SMEs are expect-
ed to develop their own core technolo-
gies and to increase their competitive-
ness through T.I. by making full utiliza-
tion of external resources.
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Table 3: Shift in innovation activities from the 1980s to the 1990s, corresponding to the paradigm change
1980s 1990s
Economy Industrial economy IT economy
Degree of certainty High Low
Key technology Manufacturing technology Information technology (IT)
Objective Quality, cost, delivery time Originality, speedy action tocustomers
Type of R&D Improvement seeking Intellectual property seeking
R&D in industry In-house Outsourcing, partnership
Product life cycle Long Short
